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Natural fibres have emerged as the potential reinforcement 
material for composite structures and have gained interest by 
many researchers. Due to their light weight and low costs when 
compared with synthetic fibre. Kenaf fibres recently have been 
considered as a substitute material in many weight-critical 
applications such as marine, automotive and other industries. 
Attemps to hybrid the kenaf fibre with the synthetic fibre such 
as fibreglass were carried out in this study to investigate the 
tensile properties of fibreglass reinforced kenaf composite. 
In this study, polyester natural fibre kenaf composites and 
kenaf/fibreglass hybrid composites were fabricated by using 
combination of hand lay-up and cold-press methods. The effect 
of different fibre types (powder, short fibres and unidirectional 
long fibres) on the tensile properties of the composites was 
investigated. The effect of volume fraction on the tensile strength 
of kenaf composites was also studied. The post impact tensile 
tests and open hole tensile tests of long kenaf fibre composites 
with and without the addition of fibreglass were carried out. The 
optimum tensile strength of kenaf composites was obtained at 
25% volume fraction of long kenaf. Significant improvements in 
tensile strength and modulus were observed by the introduction 
of long kenaf/woven fibreglass hybrid composite. The composites 
with long kenaf/woven fibreglass hybrid had the highest strain to 
failure. Long kenaf and woven fibreglass improved the interfacial 
bonding between the fibres and matrix if compared with kenaf 
powders, kenaf short fibres and chopped strand mat (CSM) 
fibreglass. The effect of moisture content on tensile strength 
of kenaf and kenaf hybrid composites was investigated. Studies 
on the tensile and low velocity impact of kenaf composites and 
kenaf/fibreglass reinforced polyester resin composites revealed 
that the composites were seriously impaired when low energy 
impact load was applied. The tensile strength of open hole long 
kenaf composites was more sensitive to notch than long kenaf/
woven glass hybrid composite. It was noticed that the long kenaf/
woven glass hybrid composites had greater residual strength and 
modulus than long kenaf composites. The hybrid composites 
were more resistance to crack growth. Fibre matrix debonding 
followed by fibre fibre ruptures or pull-outs finally caused the 
composites to fail. The woven fibreglass structure created a strong 
interlamina bond with kenaf and matrix and hence improved 
the tensile strength and modulus of the final hybrid product. 
The severity of matrix failure was therefore lesser as compared 
with the matrix damage in long kenaf composite. The damage 
areas measured from impacted specimens and open hole tensile 
specimens showed similar trend in the strength degradation rate. 
The correlation between impact and open hole tensile thus can 
be used as a tool to predict the strength degradation rate based 
on the fracture mechanic concepts. The possible approach on this 
correlation will be proposed for prediction of composite damage 
in future work. 
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Quantum calculations via the first-principles study 
using the density functional theory (DFT) have offered 
great opportunities to describe the origin and most 
fundamental properties of new materials. In addition, 
detailed properties of the materials can be visualized by 
providing an accurate view at the atomic level. In this 
study, works are focused on investigating new lead-free 
ferroelectric materials that have a similar special ns2 
lone pair electrons with Pb (II) such as Sn (II) and Ge (II) 
via first principles calculation. Modification of Pb-based 
materials (PTO and PZT) by substituting or doping at 
the A-site are numerically anticipated to enhance the 
ferroelectric properties as well as to eventually reduce 
the consumption of Pb (II) in electroactive devices. 
Properties of lead-based materials PbTiO3 (PTO), PbZrO3 
(PZO) and PbZrTiO3 (PZT) as reference materials were 
compared with new lead-free ferroelectric materials 
such as SnTiO3 (SnTO), GeTiO3 (GTO) and SnZrO3 (SnZO). 
All calculations were performed using first principles 
study based on Density Functional Theory (DFT) that 
has been implemented in CASTEP computer code. 
Functional GGA-PBEsol exhibits the most accurate values 
for lattice parameter with 0.6 % relative to experimental 
values for both cubic PbTiO3 and PbZrO3 (reference 
materials). Meanwhile, LDA-CAPZ functional is accurate 
for tetragonal PTO. The elastic properties values confirm 
that cubic PTO, SnTO, GTO, SnZO and PZO as well as 
tetroganal PTO, SnTO and GTO are mechanically stable. 
The electronic band structure, density of states (DOS) 
and electron density variation indicate the existence of 
hybridizations between anion O 2p and cation Pb 6s/
Sn 5s/Ge 4s (special lone pair) in tetragonal PTO, SnTO, 
GTO and SnZO phase. Optical results show that anion O 
2p, cation Pb 6p, Sn 5p , Ge 4p and Ti 3d, Zr 4d states 
respectively correspond to the transition electrons from 
valence states to the bottom of conduction state of the 
ATiO3 (A=Pb, Sn, Ge) and AZrO3 (A=Pb, Sn). The phonon 
calculation and cohesive energy revealed that the PTO and 
SnTO are stable in the tetragonal P4mm phase compared 
to the non polar ilmenite structure. However, GeTiO3 
apparently shows non-polar ilmenite structure is more 
stable compared to the ferroelectric perovskite structure. 
The phonon dispersion analyses for PZO and SnZO proves 
that both compounds have ground state structure with 
antiferroelectric orthorhombic (Pbam, no: 55 space 
group) and in approximation with the polar ferroelectric 
phase rhombohedral (R3c, no: 161 space group). In this 
work, calculations on novel compounds consist of Sn (II) 
and Ge (II) in PTO and Sn (II) in PZT provide new insights 
on geometrical and electronic structure of materials. 
Thus, these findings will be able to gear up efforts in 
reducing lead consumption by substituting or doping Sn 
and Ge in Pb-based system, and hence will substantially 
contribute to greener environment.
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